Abstract -Electrical Impedance Tomography (El") uses electrical measurements at electrodes placed on the thorax to image changes in the conductivity distribution within the thorax, This technique should be of interest in studying pulmonary edema as the clinical phenomena of interest induce large conductivity changes. We have conducted a series of experiments on dogs to quantVy the capacity of EIT to measure lung tidal volume and fluid content. Results indicate good correlation of the quantities measured by EXT. with standard reference techniques. Certain difficulties with the long term stability of electrodes and measurement electronics were noted as design criteria for future EIT systems.
Introduction
Electrical Impedance Tomography (EIT) is an imaging technique which calculates the electrical conductivity distribution within a medium from electrical measurements made from a series of electrodes on the medium surface. We use dynamic EIT (i.e. the measurement of changes in the conductivity distribution, rather than the conductivity itself) because it is better able to compensate for measurement errors, and is more sensitive to small conductivity changes.
Images are reconstructed of the change in logarithm conductivity between two sets of measurements taken at times tl and t2 using a regularised linear reconstruction algorithm [l] . Thus, if the average image pixel value in the region of the left lung was x, the ratio between the lung conductivities at tl and t2 will be '2
Clinical Problem
The study of the modulation of the recovery phase of pulmonary edema (PE) at 100 ms after the QRS peak. The spaced around the thorax of the cm above the base of the lungs.
conductivity change due to lung instillation, and fluid reabsorbtion in the lungs over time.
Experiments were begun one hour after anaesthetisation and hemodynamic preparation of the animal. All E! I T data measurements were repeated three times to calibrate for experimental noise.
Lung ventilation was measured by imaging the difference between EIT measurements at end expiration and end inspiration. Measurements were taken at ventilator tidal volumes between 100 mL and 1000 mL in 100 mL increments. All lung ventilation data was aquired before fluid instilation took place.
In order to measure lung fluid content all EIT data was aquired at end expiration at a constant level of lung ventilation, and images were reconstructed relative to a reference taken prior to fluid instillation. Saline solution with added protien (5% Bovine Albumin Solution) and a coloring marker (Evans Blue) was 2nstilled into a lobe of the right lung through a catheter positioned using a bronchoscope.
Measurements were taken after succesively instilling 10, 25, 50,75 and 100 mL of fluid, and subsequently measurements were taken every 30 min. for the next four hours, to monitor fluid reabsorbtion.
After the last data acquisition, the lungs were extracted and the residual fluid content difference was measured using a gravimetric lung water technique, where the n o d lung served as a control to calculate the residual mount of water in the instilled lung. This technique has a coefficient of variation of 10% [2], and is considered to be a standard for lung water measurement. Figure 1A shows a typical image of the change in conductivity distribution between end expiration and end inspiration with a tidal volume of 500 niL, while figure 1B shows the conductivity ch saline in the right lung. In mapping for both images, change due to ventilation distinguish the lung which underwent instillation. entire measured range, and is sufficiently accurate to reliably detect a 10 mL change in fluid volume. " I ' image changes e to the resolution of the lmonary edema were calculated as sum of image pixels between the right and left sides of the an e change in this parameter over the monitoring Pe taken to indicate the percent fluid reabsorbtion in the lung, This corresponds to the calculation by the lung water technique which uses the normal lung as a control for calculating the fluid content of the edematous lung.
Results and Discussion
The following table presents the results for processes for each animal:
The values indicated for the ventilaton and the instillation is the Pearson r correlation coefficient, where a value of 1 indicates complete linear correlation. The residual water is the fraction of fluid remaining after 4 hours; the value is shown as calculated from the EIT images and from the gravimetric technique. The results for the ventilation and the instillation show very high correlation to the measured physiological phenonema. The variability in measurements is less than the change due to 10 mL instillation, indicating that EIT is sufficiently sensitive t o measure these phenomena.
The calculated reabsorbtion, however, is significantly less accurate; only half of the results are within 10% of the values obtained by the gravimetric technique performance is, at least in part, due to the change in quality of the electrodes, and the drift of the measurement electronics with time. In future de tomographic systems it is important that the I bility of the electronics be carefully controlled.
These results indicate that EIT shows promise as an imaging technique for pulmonary physiology. More work, tability of References
